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A novel cDNA encoding ~ subunit of the GTP-binding protein, transducin, has been cloned from a 
marine fish, Sparus aurata. The cDNA contains an open reading frame of 1050 nt (encoding 350 
amino acid residues). A high degree of identity was found with known mammalian transducin 
proteins of cones (Gt2~) or rods (Gtl~): human Gt2~ (80.2%), ~Jovine Gt2~ (79.3%), mouse Gtl~ 
(78.2%), mouse Gt2~ (78%) and bovine Gtl~ (77.9%). Northern blot analysis of different tissues 
revealed a transcript of about 2.5 kb, which is expressed only in the fish eye and not in other tissues 
from adult fish, supporting its identification as transducin. Ontogeny~ of transducin mRNA 
expression during early development of Sparus aurata, determined by Northern blot analysis, 
showed very low levels in larvae 3 days after hatching but not earlier. Leveis~increased 3- and 6-fold 
on days 4 and 6 (respectively) compared with those on day 3 and remained essentially unchanged 
thereafter, until day 21 after hatching (the last day studied). Our results suggest that in fish only one 
subunit of transducin is found, which shows similar identity with cone and rod ~ subunlts of 
mammals. © 1997 Elsevier Science Ltd 
Transducin cDNA cloning Teleost (Sparus aurata) 
INTRODUCTION 
Heterotrimers GTP binding proteins (G-proteins) play 
important roles in trans-signaling systems of eukaryotic 
cells (Gilman, 1987). Transducin, (T), like other 
members of the heterotrimeric G-protein family, is 
composed of T~, T~ and T? subunits, and transduces 
the light signal in visual cells. The signal specificity of 
the G-protein as signal transducer lies in the ~ subunit, 
while the ]~ complex directly activates various down- 
stream effectors. The ~ subunit of transducin is a 39-kDa 
protein that binds GTP and activates cyclic GMP 
phosphodiesterase. The ~ subunit is also a substrate for 
adenosine 5'-diphosphate (ADP) ribosylation catalysed 
by both cholera toxin and pertussis toxin. The 36-kDa ]~ 
subunit and the 8-kDa ? subunit form a complex that is 
required for transducin to interact with photolysed 
rhodopsin. 
When photoreceptors are illuminated, transducin 
interacts with rhodopsin, and as a result of this 
interaction, guanosine diphosphate (GDP) bound to the 
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0~ subunit of transducin (T~) is exchanged for guanosine 
triphosphate (GTP). The T~, bound to GTP, is then 
released from its t? subunits and activates a cyclic GMP 
phosphodiesterase (cGMP-PDE) by removing the inhi- 
bitory ?-subunits from cGMP-PDE, cGMP-PDE lowers 
the concentration of cGMP, causing the closure of 
cGMP-dependent cation channels and hyperpolarization 
of the photoreceptor (Stryer, 1991). The activation is 
terminated when the intrinsic guanosine triphosphatase 
activity of T~ hydrolyses the bound GTP, restoring the 
transducin-GDP complex and completing the cycle. 
Many vertebrate yes contain two types of photo- 
receptor cells--rods and cones. While rods function in 
dim light and do not perceive color, cones are responsible 
for color vision. Rod and cone photoreceptor cells appear 
to use similar phototransduction mechanisms (Lolley & 
Lee, 1990; Stryer, 1986). In mammals, rods and cones 
use different, but homologous, protein components for 
phototransduction, including their visual pigments 
(Nathans & Hogness, 1984; Nathans et al., 1986), 
cGMP-PDEs (Gillespie & Beavo, 1988) and transducins 
(Lerea et al., 1986; Lee et al., 1992; Yau et al., 1992; 
Lochrie et al., 1985; Tanabe et al., 1985; Kubo et al., 
1991; Zigman et al., 1994). Although fish, like other 
vertebrates, have both cones and rods, and opsins specific 
to cones and rods were cloned from goldfish (Johnson et 
al., 1993) and from a blind cave fish (Yokoyama et al., 
1993), it is not known whether, like mammals, they use 
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one or more transducins for light phototransduction. Of 
lower vertebrates, the only sequence r port of transducin 
structure is that of the c~ subunit of Xenopus transducin 
(Knox et al., 1992); however, no attempts were 
mentioned tocharacterize itsexpression by cones or rods. 
To date, no information is available on transducin 
structure in fish. In this communication, we report the 
first predicted amino acid of a piscine transducin 
subunit, its specific expression i the eye and its ontogeny 
in fish larvae. Our sequence comparisons demonstrate 
equal similarities to mammalian cone and rod transdu- 
cins. 
MATERIALS AND METHODS 
Materials 
Oligonucleotides were prepared by The Midland 
Certified Reagent Company (Midland, TX). Restriction 
and modifying enzymes were purchased from BRL/ 
Gibco (Gaithersburg, MD), New England Biolabs, Inc. 
(Beverly, MA) or Boehringer Mannheim GmbH (Mann- 
heim, Germany). Radionucleotides were obtained from 
Amersham (Arlington Heights, IL) or from DuPont NEN 
(Boston, MA). 
Fish and tissues 
Larvae of Sparus aurata were obtained from the 
National Center of Mariculture, Eilat; adult Sparus 
aurata fish were obtained from the Salt Company, Atlit. 
Larvae and tissues removed from decapitated fish were 
frozen immediately in liquid nitrogen and kept at -70°C 
until use. 
RNA blot analysis 
Total RNA was extracted from a pool of larvae or from 
tissues by the guanidinium thiocyanate-cesium chloride 
gradient method (Chirgwin et al., 1979) or by the 
guanidinium-rapid method (Chomczynski & Sacchi, 
1987). Poly(A+)RNA was isolated by chromatography 
on oligo(dT)-cellulose (Aviv & Leder, 1972), electro- 
phoresed on 1% agarose gels containing 0.66 M for- 
maldehyde and ethidium bromide. Ethidium bromide was 
added to the running buffer as well. RNA was transferred 
to Nytran membranes (Schleicher and Schuell, Keene, 
NH) using 1 M ammonium acetate. Hybridization was 
performed in a buffer containing 1% BSA, 0.5 M sodium 
phosphate (pH 7.0), 7% SDS and 0.001 M EDTA at 60°C 
and washed in 40 mM phosphate buffer (pH 7.0), 1% 
SDS and 0.001 M EDTA at 65°C (Church & Gilbert, 
1984). Filters were hybridized to 32p-labeled Sparus 
transducin eDNA insert, labeled by the random priming 
method and in some cases rehybridized to 32p-labeled 
chicken fl-actin eDNA insert (kindly provided by Dr R. 
MacDonald). Northern blots were exposed to Kodak X- 
ray film for various periods of time, depending on the 
signal obtained. Quantification fmRNA was performed 
using Image Analyser (U-Lead System's iPhoto Plus, 
Taipei, Taiwan) and TINA version 2.07d program for 
densitometric analysis. 
Isolation and sequencing of cDNAs offish G-protein 
The eDNA library was constructed from poly(A+)RNA 
of 7-day fish larvae using the Zap eDNA synthesis kit of 
Stratagene (La Jolla, CA) and Uni-Zap XR vector. The 
eDNA library was amplified and screened (Sambrook et 
al., 1989) using a mixture of 225 nt-long PCR products 
obtained by RT-PCR of 7-day larval RNA using 
degenerate primers designed originally to amplify TGF- 
fl sequences. In vivo excision of the bluescript phagemids 
from the Uni-Zap XR vector was performed with helper 
phage and SOLR bacteria according to the manufac- 
turer's instructions. Sequencing of the eDNA clones in 
the Bluescript SK + was performed by the dideoxy method 
using T3 and T7 RNA polymerase primers, as well as 
internal primers. 
Reverse transcription PCR 
Reverse transcription (RT) was performed using 1.2 #g 
poly(A+)RNA of 7 day-larvae and 200 units Superscript 
II reverse transcriptase (BRL-Gibco, Gaithersburg, MD) 
in a total volume of 23 #1 using dT primer at 42°C for 
1 hr. PCR was performed in the same tube as follows: 
1 min at 94°C, 1.5 min at 50°C, 2 min at 70°C, 40 cycles 
in 100 #1 using Gen Amp PCR kit and AmpliTaq DNA 
polymerase (Perkin Elmer Cetus, Norwalk, CT) and 
100 pmol each of TGF-1 and TGF-2 primers, designed on 
the basis of a conserved region of chicken TGF-fl3, 
spanning amino acids 330-335 (5' primer) and amino 
acids 399-404 (3' primer) (Jakowlew et al., 1988), see 
below. The PCR was performed on a Perkin-Elmer DNA 
Thermal Cycler 480. Free nucleotides and primers were 
separated from the amplified DNA by gel electrophoresis 
in 2% agarose. A band of the expected size of 225 nt was 
cut out and DNA was purified by Geneclean (Biol01, La 
Jolla, CA) and was used as a probe for screening the 
library. Primers used for PCR: 
TGF-1 5' TGG AAA TGG GTC CAT GAG 
G G C A 
TGF-2 5' CAT ATr GGA GAG CTG CTC 
G T A T T 
C 
c 3' 
3' 
RESULTS 
Screening of the amplified eDNA library yielded 28 
positive recombinant bacteriophage plaques. Preliminary 
sequence analysis of the clones revealed that the cDNAs 
could be grouped into at least hree categories, based on 
their sequence similarities. Four clones with an insert size 
of 1.95-2.15 kb and two shorter clones of 0.95 and 
1.05 kb were found to have an identical sequence in their 
3' end which included apoly(A ÷) tail and therefore were 
considered to code for the same polypeptide and were 
designated clones 5--4 and 1-6 (short clones) and 1-1, 2- 
2, 2-5 and 3-3 (long clones). The nucleotide sequence 
presented inFig. 1 is a composite of overlapping clones. 
This sequence contains an open reading frame of 1050 bp 
(encoding 350 aa residues), a 5'-untranslated region of 
223 nt and a 3'-untranslated region of 862 nt. The 
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-223 CT GGGCAGCTGAAT TGATT T GAACCT T GAAAGGGTCCCAT CT GATCAT CTAATCGAA GA 
-163 GGTGAACGAAGCCAGGAAGGCTCAAGCACCTCCCTCTCAATCCCCTTCCGCCTGGAAATC 
-103 GCCTTTCAGCACGATTAGTGTTGTAACCAGTCTCTGCAGCTTCTCACAGACAACCGTCAA 
-43 AAT T T CT T T CCTT GAGGATCT GAGTTAGCGGAGGAAGAAAGAAT GGGT GCAGGAGCCAGT 
1 M G A G A S 
19 GCGGAGGACAAAAAGTCT~%AGGAGTTGGAAAAACAACTCCAGGAGGATGCTGATAAGGAT 
7 A E D K K S K E L E K Q L Q E D A D K D 
79 TCTAAAACAGTCAAGCTATTACTGCTTGGCGCTGGCGAGTCAGGGAAGAGCACCATTGTA 
27 S K T V K L L L L G A G E S G K S T I V 
139 AAACAAAT GAAGATT CT GCATC~%AGGT GTTACACAAAAGAGGAACAGT T GGAGT TTAGA 
47 K Q M K I L H Q G G Y T K E E Q L E F R 
199 GCGATTATCTACGGCAACATTCTGCAGTCTGCTCTGGCTATCATCAGAGGCATGGAGATG 
67 A I I Y G N I L Q S A L A I I R G M E M 
259 CT GGGCAT T GATTT T GGCT CGTCCACT GGACAGGAGGATGCACAGAAGCT GCAGAAT T T G 
87 L G I D F G S S T G Q E D A Q K L Q N L 
319 T CT GACT CCAT TGAAGAAGGCACGATGCC TCT GAGCT GGCT GACGTCAT CAAGAAGCT G 
107 S D S I E E G T M P S E L A D V I K K L 
379 TGGGCTGACTCCGGCGTGCAGGCCAGCTTTGAGAGAGCTGCTGAGTTCCAGCTGAACGAT 
127 W A D S G V Q A S F E R A A E F Q L N D 
439 TCTGCTGGCTACTACCTCAACGAAATGGAGAGAATCTGCAAGCCAGAATACCTCCCCACT 
147 S A G Y Y L N E M E R I C K P E Y L P T 
499 GAGCA~TGTGCTGCGATCTCGAGTCAAAACAACCGGTATCATCGAAGAACAGTTCTCC 
167 E Q D V L R S R V K T T G I I E E Q F S 
559 TGCAAAGAGT GCACT T CAGGAT GT T CGAT GT GGGT GGCCAGAGGTCAGAGAGAAAGAAG 
187 C K E L H F R M F D V G G Q R S E R K K 
619 T GGAT CCAT T GT T T CGAAGGT GT GACCT GCATCATCT T CT GCGGAGCCCT CAGCGCGTAT 
207 T I H C F E G V T C I I F C G A L S A Y 
679 GACATGGTGCTGGTAGAAGACGACGAAGTGAACCGCATGCACGAGTCCCTTCATCTATTC 
227 D M V L V E D D E V N R M M E S L H L F 
739 /%ACAGTAT CT GCAACCACAGAT  CT TT GCACT GACCT CCAT CGT GCTTTT CCT CAACAAG 
247 N S I C N H R F F A L T S I V L F L N K 
799 AAGGATCTCTTCGAAGAGAAGATCAAGAAAGTCCATCTGAGTATCTGCTTCCCAGACTAT 
267 K D L F E E K I K K V M L S I C F P D Y 
859 GATGGCCCAAACTCATACGAAGACGCCAGCAACTACATCAAGGCGCAGTTCGAAGAGCTG 
287 D G P N S Y E D A S N Y I K A Q F E E L 
919 AACAT GAAGAAGGGCGT GAAAGAAAT CTACT CCCAT CT GACCTGT GCCACGGACACAAAG 
307 N M K K G V K E I Y S H L T C A T D T K 
979 AACGT CCAGAT T GT GT TCAACGCTGT GACGGACAT CAT CAT CAAAGAAAACCT AAAGAT 
327 N V Q I V F N A V T D I I I K E N L K D 
1039 T GCGGT CT T T T C TAAGCT GCTCCAGAGTGAAAAAAGAGAAC CT CCTT T CCTACCT TAACC 
347 C G L F *** 
1099 CCT CACATAT T GGCAT TAACT GAGAAGT GCACTGAT GGAGCCCAGAGGAT CCT CAGT TT G 
1159 ACGTGTTCATGCCATCACTTCCATGCCAAGTCCTGGTCCTTGACTGCTCCTAGCACATCA 
1219 CCATCTCCAACAGTACATCTCTGCAACACAGTGCACGTCCAGCTGGGCTGAAACAACCAT 
1279 CAAGTCACTGCATTGTTGTTGTGGACATACAGCTTTCTACCAAGATTCTTCAGTTTTCCT 
1339 TAAGT TACAGTATT TGT CTAATGCCAGAAGCT GCT GGT CT GAAAGT TT GAAGAT GAAATA 
1399 GTTGCTCATTCGATCCTCGTTGCTTCCTTTTGACTACTGTGTTGTGAGATATATTTACTA 
1459 TTAAAACCAAGCTCTGTAAAATAAATAAAACAATTAAGTCTGGGGGAAATATCATTATAT 
1519 TT TGAATAGCAACAT CGAAACCT T GTT T T T GT TT T T GAGTACAGTAGT CGCT GT GGT CT T 
1579 GATAT T TAAACT GTAAAAAAGT GCT GT GCAAATAT CT CAGATAT TCCCAGT GCT TGCAG 
1639 T GT GT CGAGATTACAAACAAAT T GACAT GTAT CTAAT CTAAATAGT GTTAAT GTAT CCAA 
1699 TTCACTTAACAT TTTAAT GTGATGAACATGGTAGAC-GAACT T  GTACATAAACGTAGATA 
1759 ATTCAATATATTTTGAAAGATAAATCTGTATGGAAATATATGAGAGAGAGGGAAACATTA 
1819 GAGGGATGAT GCT T TATTAT ~GGGAATGAAAATCTACT GAGTATGTT CT T T CT TAT 
1879 GAAATGTAGCGGCATGAAATAAAGATGCATTAACTTC (A) n 
FIGURE 1. The nucleotide and deduced amino acid sequence of Sparus aurata ~t subunit of transducin. Numbering of the 
nucleotide sequence is relative to the ATG initiation codon. Amino acids are numbered beginning with the initiator methionine. 
The polyadenylation signals are underlined. The sequence has been deposited in the GenBank Data libraries under Accession 
number U84790. 
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Sparus  
Human 
Bov ine  
Mouse  
Bov ine  
Xenopus  
Gt2a  
Gt2~ 
St2= 
G i la  
Gt~ 
1 
MGAGASAED KKSKELEKQLQEDADKDSKTVKLLLLGAGE SGKS T IVKQMKI  LHQG 
- -SG . . . . .  KELA-R  . . . . . .  K. -EA.  I - -D  
- -S  . . . . . .  ELAK-R  . . . . . .  K . . . . . . .  EA  . . . . . . . . . .  D 
- -S - I  . . . .  ELAR-R  . . . . . .  K . . . . . . .  EA .  I - -D  
E -H -R  . . . .  K -K - - -E - -AR  I - -D  
E -H -R  . . . .  , -K  . . . . . .  AR  I - -D  
56  
GYTKEEQLEFRAI IYGNILQSALAI IRGMEMLGIDFGSSTGQEDAQKLQNLSDSIEEGT 
- -SP - -C - - -K  . . . . . .  V - - - I  . . . . .  A -TT  . . . .  YAEPSCAD-GRQ-N- -A .  
- -SP - -C - -YK  . . . . . .  V - - - I  . . . . .  A -PT  . . . .  YAEVSCVDNGRQLNN-A .  
- -SP - -C - - -KSV . . . .  V - - - I  . . . . .  A -ST  . . . .  YAEPSCADAGRQ-N- -A - -T  . . . .  
- -SL - -C  . . . .  I . . . . . .  , - - - , - - - , - , - , , - , - , , - , - , - , - - , - - , - - - , -  . . . .  
- -SV- -C - - - I  . . . . . .  T - - -M I - -VKA-NT-N-Q- -DPAR-D- -R - -MH-A-T -D- -S  
115  
MPSELADVIKKLWADSGVQASFERAAEFQLNDSAGYYLNEMERICKPEYLPTEQDVLRS 
- -P - -VE- -RR- -K -G  . . . .  C . . . . . .  Y . . . . . .  S . . . .  QL - - -TD . . . . .  S 
- -P - -VE- -R - - -K -G  . . . .  C -D  . . . .  Y . . . . . .  S . . . .  QLD- -TA-D- - -N  
- -P - -V - - -R - - -K -G  . . . .  C -D  . . . . . . . . . . .  S . . . .  QLD- -TD-N- - -N  
- - , - , , - , - , , - - , - - - , - - , - , - - , - ,  . . . . . . . . . .  SDL- -LVT-G-V  . . . . . . . . .  
- - , - , , - , - , , - - , - , - , - - , - , - - , - , ,  DLD-LV I -G-V  
174  
RVKTTGI  IEEQFSCKELHFRMFDVGGQRSERKKWIHC FEGVTC I I FCGALSAYDMVLVE 
. . . . . . . . .  TK - -V -D-N  .A- 
. . . . . . . . .  TK - -V -D-N  A 
-TK- -V -D-N  A 
. . . . . . . . .  T - - -F -D-N  IA -  
. . . . . . . . .  T - -GL -D-N IA -  
233  
DDE~HESLHLFNSICNHRFF~TSIVLFLNKKDLFEEK IK~HLS ICFPDYDGPNS 
K- - -A  .E - - -N - -  
K - - -A  . . . . . . . . . . . . . . . . . .  E - - -N - -  
K ' - -A  . . . . . . . . . . . . . . . . . . . . . . . . . . .  E - - -N - -  
. . . . . . . . . . . . .  Y - -T  . . . . . . . . . . .  V -S  . . . . .  A. N - - -T  
Y - -T  . . . . . . . . . . .  V -T  . . . . .  A . . . . . . . . . . . . .  T 
292  
YEDASNYIKAQFEELNMKKGVKEIYSHLTCATDTKNVQIVFNAVTDI I IKENLKDCGLF  
-D- -G  . . . .  S - -LD- - -R -D  . . . . . . .  M . . . . . .  Q - -KF - -D  
. . . .  G . . . .  S - -LD- - -R -D  . . . . . . .  M . . . . . .  Q - -KF - -D  
. . . .  G . . . .  S - -LD- - -R -D  . . . . . . .  M . . . . . .  Q - -KF - -D  
. . . .  G . . . .  V - -L  . . . .  RRD . . . . . . .  M . . . . . .  Q - -KF - -D  
. . . .  G . . . .  T - -L  . . . .  RRD . . . . . . .  M . . . . . .  E - -KF - -D  
FIGURE 2. Alignment of Sparus transducin with human Gt2~ (Kubo et al., 1991), bovine Gt2~ (Lochrie et al., 1985), mouse Gt2~ 
(Zigman et al., 1994), bovine Gtl~ (Tanabe t al., 1985) and Xenopus Gt~ (Knox et al., 1992). Numbers on the left represent 
amino acids number, starting with the methionine r sidue of Sparus transducin. Dashes represent identical amino acids. One gap 
was introduced to facilitate alignment. The ADP-ribosylation sites for cholera toxin and pertussis toxin are underlined. 
polyadenylation signal AATAAA is 14 nt upstream from 
the polyadenylation site (at nt 2118-2124). Two addi- 
tional polyadenylation signals are found at nt 1701-1706 
and at nt 1705-1710. The deduced amino acid sequence 
was compared for the highest scoring proteins by using 
the programs FASTA (Pearson & Lipman, 1988; 
Pearson, 1990) and BLITZ (Sturrock & Collins, 1993). 
The best match was found with ~ subunits of  transducin 
from human, bovine and mouse. Comparison of  the 
deduced amino acid (aa) sequence of the putative 
TABLE 1. Amino acid identity between Sparus and mammalian 
transducins (based on FASTA analysis) 
Amino acid % Length (amino acid) 
Sparus Gt~ 350 
Human Gt2ct 80 354 
Bovine Gt2~ 79.3 354 
Bovine Gu~ 77.9 350 
Mouse Gtl~ 78.2 350 
Mouse Gt2 a 78.0 354 
Xenopus Gt~ 77.1 350 
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A B 
, 7d ,, 
E ~ A + M H K G L 
28s - - ~ ~  28s 
18s ~ i 18s 
28s 
18s // 28s 18s 
FIGURE 3. Northern blot analysis of transducin mRNA in the eye and 7-day larvae (A) and in different tissues (B) of Sparus. 
Total RNA from eye and 7-day larvae (5/tg), poly(A*)RNA (760 ng) of 7-day larvae, or total RNA (10/zg) from different 
tissues were electrophoresed and blotted onto nylon membranes. The RNA was hybridized with transducin cDNA insert. Lower 
panel, ethidium bromide staining of total RNA from tissues hown in (A) and (B). E, eye; 7d-E, total RNA of 7-day larvae; 7d- 
A ÷, poly(A÷)RNA of 7-day larvae; M, muscle; H, heart; K, kidney; G, gills; L, liver. (A) was exposed for 3 days and (B) for 13 
days. 
A B C 
Days post-  
hatching 1 6 10 15 21 1 6 10 21 1 2 3 4 6 
transducin 
28s 
18s 
I~-actin 
28s 
18s ; / /  rRNA 
FIGURE 4. Transducin gene expression i  Sparus aurata larvae. Total RNA or poly(A+)RNA prepared from a pool of larvae 
were fractionated on 1% agarose gels and transferred to nylon membranes. The tilters were first hybridized to a randomly 
primed 32p-labeled Sparus transducin cDNA and then to chicken fl-actin cDNA. (A) 12 #g of poly(A+)RNA after one round of 
d(T)-cellulose chromatography, prepared from larvae 1, 6, 10, 15 and 21 days after hatching. (B) 4 #g of poly(A+)RNA after two 
rounds of d(T)-cellulose chromatography, prepared from larvae 1, 6, 10 and 21 days after hatching. (C) 10 #g of total RNA 
prepared from larvae 1, 2, 3, 4 and 6 days after hatching. Lower panels of (A) and (B), fl-actin; lower panel of (C), ethidium 
bromide staining of ribosomal RNA. (A) and (B) were exposed for 17 hr; C was exposed for 4 days. 
transducin ~ subunit from Sparus, with that of human 
Gt2ct (Kubo et al., 1991), bovine Gt2= (Lochrie et al., 
1985), mouse GtE~x (Zigman et al., 1994), bovine Gtl~ 
(Tanabe t al., 1985) and Xenopus Gt~ (Knox et al., 1992) 
is presented in Fig. 2 and Table 1. Sparus transducin is a 
350 aa polypeptide (including the first methionine) 
compared with 354 aa of human, bovine and mouse 
Gt2~ but has the same length as bovine and mouse  Gtl~ 
and Xenopus Gt~ (Table 1). The predicted amino acid 
sequence contains ites for ADP-ribosylation by cholera 
toxin and pertussis toxin at the same position and having 
the same amino acids as other transducin polypeptides. 
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Analysis of tissue distribution of this transcript 
revealed that this trasncript is about 2.5 kb and is 
expressed only in the eye of the fish but not in other 
tissues tudied: skeletal muscle, heart muscle, kidney, gill 
filaments and liver [Fig. 3(A) and (B), upper panels]. The 
size of transducin transcript in the eye was identical to 
that found in larvae aged 7 days post-hatching [Fig. 
3(A)]. The ontogeny of transducin expression in Sparus 
fish was determined at different developmental stages. 
Poly(A+)RNA was prepared from pools of larvae aged 1, 
6, 10, 15 and 21 days after hatching. Equal amounts of 
poly(A+)RNA isolated by one [12.1 #g, Fig. 4(A)] or two 
rounds [4 #g, Fig. 4(B)] of chromatography on oligo(dT)- 
cellulose were loaded and hybridized to transducin 
eDNA. As shown in the two representative Northern 
blots in Fig. 4(A) and Fig. 4(B), transducin mRNA 
appeared on day 6 after hatching but not on day 1. The 
steady state levels did not change on subsequent days. To 
determine precisely the onset of transducin mRNA 
expression, total RNA from larvae collected at 1-day 
intervals was hybridized to transducin eDNA. As shown 
in Fig. 4(C), transducin RNA was detected first on day 3 
after hatching, at very low levels, and increased 3- and 6- 
fold on days 4 and 6, (respectively) compared with those 
seen on day 3. The amounts of RNA loaded onto the gel 
are demonstrated in total RNA by ethidium bromide 
staining of the ribosomal RNA [Fig. 3(A), Fig. 3(B) and 
Fig. 4(C), lower panels] or rehybridization to chicken fl- 
actin cDNA of poly(A+)RNA [Fig. 4(A) and Fig. 4(B)]. 
DISCUSSION 
The data reported in this study suggest hat the novel 
G-protein that we have cloned is probably the ~ subunit 
of fish transducin. This conclusion is based primarily on a 
very high homology found between our sequence and 
mammalian ~subunits of both cone and rod transducins 
(Lcrea et al., 1986; Lochrie et al., 1985; Tanabe et al., 
1985; Kubo et al., 1991; Zigman et al., 1994), which 
ranged between 78% and 80.2% identity found in 
comparing amino acid sequences. Of lower vertebrates, 
the only transducin reported so far is that of Xenopus 
(Knox et al., 1992). Surprisingly, the homology with 
Xenopus transducin is lower (77.1%) than that found with 
mammalian ones. The length of the predicted fish 
transducin is 350 aa, similar to that of rod transducin, 
but unlike cone transducin which is 354 aa long. The 
Xenopus transducin was reported to be 350 aa long. 
This G-protein message was detected only in the fish 
eye but not in other tissues tested: skeletal muscle, heart 
muscle, kidneys, gills or liver, further supporting our 
conclusion of the identity of the G-protein as being 
transducin. Although once thought to be a G-protein 
specifically involved in visual signal transduction, Gt2~ is 
also expressed in the t-cells of mouse pancreatic slets, in 
the adrenal gland and in the pituitary (Zigman et al., 
1994). Immunoreactive transducin has been demon- 
strated in the pineal photoreceptor cells of rainbow trout 
(Ekstrom et al., 1987). 
The size of transducin transcript in the eye was 
identical to that in larvae after hatching, suggesting that a 
fully processed RNA is present in fish larvae. Transducin 
was first detected on day 3 after hatching, although at 
very low levels compared with day 4. In preliminary 
studies we found that the retina of Sparus larvae on days 
3 and 6 after hatching is "pure cone", as reported for other 
fish species as well, suggesting that at this early 
developmental stages transducin is expressed in cones. 
However, more studies are needed to substantiate this 
conclusion. No difference was seen between the size of 
the transcript of total RNA or poly(A+)RNA of larval 
RNA, although minor lower transcripts were seen with 
total RNA from days 3 and 4. The nature of these 
transcripts i not clear. To our knowledge, this is the first 
characterization of transducin structure in fish. The 
similar sequence identity found with mammalian cone 
and rod transducins may suggest that in fish, unlike 
mammals, cones and rods utilize one type of transducin. 
Characterization of transducin cDNA from fish will 
permit us further studies on the regulation and develop- 
mental expression of phototransduction and visual cycle 
genes in fish. 
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